Objective: To examine if single skin cleansing with 0.25% chlorhexidine affects skin condition, temperature and bacterial colonization in stable preterm (28-36 weeks gestational age) low birth weight (1001-2000 g) infants admitted in a health facility.
Introduction
Infections are the leading cause of death in neonates admitted to hospital; studies from developing countries suggest that about 25-71% of deaths occurring in neonatal intensive care units are secondary to infections. [1] [2] [3] Such high infection-related mortality mandates are an urgent implementation of simple and effective measures to prevent and/or reduce the occurrence of infections in these units.
The majority of neonatal infections occur in the first 2 weeks of life, when the epidermal barrier is immature and functionally compromised. 4, 5 Application of topical emollients, such as sunflower seed oil, to augment skin barrier function reduces the incidence of systemic infections in preterm infants. 6, 7 Alternatively, topical application of antiseptics, until the skin matures, could theoretically prevent skin colonization and reduce the incidence of systemic infections in neonates. Chlorhexidine, a broad-spectrum antiseptic used frequently for umbilical cord care in neonates, is now also being evaluated for topical application to the skin. Hospital-based studies, involving predominantly term infants, have shown reductions in skin flora 8 and a reduction in the incidence of sepsis after topical chlorhexidine application. 9 In a communitybased study in Nepal, a single skin cleansing with 0.25% chlorhexidine resulted in reduction in mortality among low birth weight (LBW) infants; though the mechanism of the impact could not be determined, it was presumably due to increased susceptibility to transcutaneous sepsis in the LBW group. such intervention in preterm neonates. These infants are, however, more prone to develop skin reactions after the use of topical antiseptics: Garland et al. 11 observed localized contact dermatitis in 15.3 and 1.5% of neonates with birth weights of <1000 and X1000 g, respectively, after using chlorhexidine-gluconate impregnated dressing for central venous catheterization. Preterm infants are also more prone to develop hypothermia after bathing/ cleansing with antiseptic solution(s). 8, 12 As few studies have evaluated the effects of topical application of chlorhexidine in preterm infants (especially <34 weeks) admitted in a health care facility, we conducted this study to examine if single skin cleansing with 0.25% chlorhexidine immediately after birth affects skin condition, temperature and colonization in hospitalized preterm LBW infants.
Methods

Subjects and setting
This randomized controlled trial was conducted from August 2005 to February 2006 at the tertiary level neonatal intensive care unit of All India Institute of Medical Sciences. Preterm infants of 28 to 36 weeks of gestation with birth weights between 1001 and 2000 g admitted in the intensive care unit/postnatal ward were included in the study. Infants with one minute Apgar score <4, hemodynamic instability, congenital malformations, generalized skin disorder and who needed respiratory support (continuous positive airway pressure and/or intermittent mandatory ventilation) were excluded. Informed written consent from one of the parents was obtained before enrolling the infants. The study was approved by the ethics committee of the institute.
All baseline characteristics including birth weight, gestational age (calculated from last menstrual period and confirmed by new Ballard's score after birth), sex and maternal characteristics relating to pregnancy, labor and delivery (antenatal care visits, duration of rupture of membranes, mode of delivery, complications, and so on) were prospectively recorded.
Randomization and blinding
Stratified block randomization was carried out using computer generated random sequence numbers. Infants were stratified into two strata based on birth weight: 1501 to 2000 g and 1001 to 1500 g (to ensure equal distribution of smaller infants in all the groups); a fixed block size of six was used in the study. Randomization was done within 2 ± 1 h of age.
Treatment allocation was carried out through serially numbered, opaque and sealed envelopes; the resident/staff on duty opened the envelope and allocated the infants into one of the following three study groups: chlorhexidine cleansing, saline cleansing or no skin cleansing. Those who carried out the 'intervention' (cleansing with chlorhexidine or saline) were blinded to the nature of intervention; the packs that contained chlorhexidine and saline wipes looked similar in all aspects. It was ensured that the intervention (including 'no skin cleansing') was not revealed to the physician/nurse involved in the clinical management or the study investigators. The investigators were fully blinded to the process of randomization as well as treatment allocation; they were aware of only the serial numbers. The treatment codes were revealed to them only after the final analysis.
Intervention
After randomization, the infant's axillary temperature was recorded and skin swabs were collected from the axilla and the groin region. While infants allocated to the 'no cleansing' group did not receive any intervention, infants in the other two groups received the intended treatment by using wipes containing either 0.25% free chlorhexidine (equivalent to 0.44% chlorhexidine digluconate) (chlorhexidine cleansing) or 0% chlorhexidine (saline cleansing). The wipes of chlorhexidine and saline, manufactured by Procter & Gamble (Cincinnati, OH, USA), were placed in sealed plastic packagesFeach pack contained 6 wipes of a given type. The duty staff/resident wiped the infants' skin from neck to sole in 5 stepsFone wipe for each step with the sixth used as a spare. To achieve consistency in the procedure of skin cleansing, the residents and staff were periodically trained using wet tissue and mannequin; also, a manual of operations including the detailed procedure was made available in the unit till the end of the study period. Further management of the neonates was guided by the condition of the neonate and was not altered by the study protocol. No routine skin care was dispensed with during the course of the study.
Outcome variables and their measurement
The primary outcome variables were (a) skin condition score at 24 h, days 3 and 7 (b) skin temperature at 30 min, 1 and 6 h, and (c) colonization rates of the axilla and the groin at 24 and 72 h after intervention. Secondary outcomes included the incidence of clinical and culture positive sepsis in the first week of life.
Skin condition was assessed by observing the skin on the abdomen and dorsum of the hands/feet for drying, erythema, fissuring, scaling, and so on, using a 9-point grading scale adopted by Darmstadt et al. 7 from Lane et al. 13 In case of different scores at the three different sites, only the worst score was recorded. Skin temperature was measured by a clinical thermometer kept in the axilla for 3 min. Cold stress and hypothermia were defined as per standard definitions.
14 Swabs collected from a 4-cm 2 area of skin at the axilla and the groin were used to determine the colonization rates and colony count. At each site, the principal investigator delineated a 4-cm 2 area of skin using a template and rubbed a sterile swab, presoaked in distilled water, five times horizontally and five times vertically within the sampling area. The swabs were placed in 5 ml of transport medium (nutrient broth with 0.1% Triton X) and sent to the laboratory immediately; samples collected after office hours were stored at 4 1C and transported at the earliest to the laboratory. After vortexing the swab in the medium to ensure proper dispersion of the contents of the swab, the inoculum (0.01 and 0.1 ml in duplicate) was placed onto the sheep blood agar and McConkey agar media by using a calibrated loop and incubated at 37 1C for 18 to 24 h. Gram staining was done as per the standard procedure. Colony count was estimated by semi-quantitative analysis (for example, 100 colonies in 0.01 ml inoculum would amount to 10 4 colonies per ml). Skin colonization was defined as the occurrence of any bacterial flora (either Gram-positive or Gram-negative) irrespective of the colony count. All the infants were monitored until the end of the first week of life for features of sepsisFinfants with symptoms and/or signs suggestive of sepsis and a positive blood culture (with known pathogens and coagulase negative staphylococcus) were diagnosed to have culture positive sepsis; those with negative cultures but with positive sepsis screen (as per the unit protocol) 15 were classified as having clinical sepsis.
Statistical analysis
The sample size was calculated based on skin colonization rates. Previous studies on the development of skin flora in neonates have noted colonization of the skin in up to 87% of the infants by sixth day of life. 16 Assuming that 80% of preterm infants would have skin colonization by day 3, 28 infants were required per group to detect a relative difference of 50% between the groups with 80% power and 95% confidence levels. However, only 20 infants could be enrolled because of the limited number of baby wipes.
Data entry was done using Epi-Info v3.3.2. Analysis was done by using Stata 9.1 (StataCorp, College Station, Texas, USA). For comparison of categorical and continuous variables between the three groups, w 2 test and one-way analysis of variance followed by Bonferroni's correction were used. Kruskal-Wallis test followed by Wilcoxon's rank sum with Bonferroni's correction were applied for comparison of continuous variables that were not normally distributed among the groups. As the observations were correlated, generalized estimating equation model was used to evaluate the effect of intervention over a period of time. The results are reported as relative risk (RR)/adjusted odds ratio (OR) with 95% confidence intervals (CI), wherever possible. P-value of <0.05 was taken as significant. Figure 1 shows the study profile. Out of the 117 babies who met the inclusion criteria, 44 were excluded. Thirteen infants could not be enrolled because of non-availability of consent within 3 h.
Results
Baseline characteristics: These were comparable among the three groups (Table 1) . Primary outcomes were available for all the Figure 1 Flow chart of the study population, indicating the number of subjects screened, the number enrolled and the number of infants for whom the primary outcome is available. *Except for skin colonization rates (which were available for 18, 19 and 19 infants at 24 h and 18, 19 and 18 infants at 72 h in the chlorhexidine, saline and no cleansing groups, respectively).
infants except for the skin colonization rates for 4 and 5 infants at 24 and 72 h, respectively, at both axilla and groin because of technical reasons (Figure 1 ). Skin condition: Median skin condition scores of the three groups were identical at 24, 72 and 168 h after the intervention ( Table 2) . None of the infants had skin erythema/fissuring/ crusting through day 7 of life.
Skin temperature: Mean axillary temperatures at 30 min, 1 and 6 h were comparable between the three groups. Two infants each in chlorhexidine and saline cleansing groups and none in the no cleansing group experienced cold stress (36.0 to 36.4 1C) at 30 min after intervention (Table 2 ). There were no instances of hypothermia (<36.0 1C) in any of the three groups. We did not find any difference in temperature within the groups before and after skin cleansing (a mean difference of only 0.07 1C was noted in the chlorhexidine group).
Skin colonizationFaxilla
Colonization rates: Skin colonization rates at 24 h after the intervention were 22.2, 52.7 and 57.9% in the chlorhexidine, saline and no cleansing groups, respectively (P ¼ 0.06; Table 2 ). When compared individually (two-group analysis), chlorhexidine skin cleansing was found to reduce the risk of colonization by 62% compared with no cleansing (RR: 0.38; 95% CI: 0.15, 0.98); however, no such reduction was observed when compared with saline skin cleansing (RR: 0.42; 95% CI: 0.16, 1.10) ( Table 3) . At 72 h, the colonization rates were not different between the three groups ( Table 2) . On applying generalized estimating equation, chlorhexidine cleansing was found to reduce the odds of skin colonization until 72 h of age compared with no skin cleansing (adjusted OR: 0.34; 95% CI: 0.14, 0.84); but no reduction was found when compared with saline skin cleansing (Table 3) .
Colony count: The median colony count at 24 h was significantly less in the chlorhexidine group than either the saline cleansing group or no cleansing group. At 72 h, the reduction in colony count was seen only when compared with the no cleansing group (Table 2) .
Colonization with Gram-negative organisms: Colonization rates with Gram-negative pathogens were comparable between the groups at both 24 and 72 h after the intervention (Table 2) .
Skin colonizationFGroin
Colonization rates: Incidence of skin colonization at the groin region after 24 h of chlorhexidine skin cleansing was not different from either the saline cleansing group or the no cleansing group (38.9 vs 31.6% and 52.6%; P ¼ 0.41); the colonization rates were not different at 72 h either (Table 2) .
Colony count and colonization with Gram-negative organisms: These parameters were also not different between the three groups ( Table 2) .
There was no difference in the incidence of clinical/culture positive sepsis in the first seven days of life between the three groups ( Table 2 ).
Discussion
The procedure of applying topical antiseptics for prevention of neonatal infections dates back to the early 1970s. 17 Initial studies on bathing/cleansing with chlorhexidine involved predominantly term infants or older preterm infants (a few weeks after birth). 18, 19 Recently, a study from Bangladesh evaluated the effect of chlorhexidine skin cleansing within the first three days of life in both term and preterm neonates; 20 another study from Nepal has enrolled predominantly term infants (mean gestation 38 weeks). 8 In contrast, we enrolled only preterm (28 to 36 weeks) low birth weight (1000 to 2000 g) infants within 2 to 3 h of birth.
Studying the effects of chlorhexidine application on skin condition is essential because the underdeveloped stratum corneum Data are number (%) or median (range), unless specified.
Chlorhexidine skin cleansing in preterm LBW infants MJ Sankar et al Chlorhexidine skin cleansing in preterm LBW infants MJ Sankar et al of preterm infants makes them prone to mechanical and chemical injury in the first few weeks of life. However, we did not find any significant difference in the skin condition between the three groups, and none of the infants developed erythema or fissuring or crusting of the skin. Similar results have been reported from other studies too. 8, 20 The results are, however, in contrast with the observation by Garland et al., 11 who found localized contact dermatitis after the use of chlorhexidine-gluconate impregnated dressing and hence were not in favor of its prolonged use in LBW infants. Unlike the antimicrobial dressing, single skin cleansing does not lead to prolonged exposure, and hence is unlikely to result in severe local reactions in these infants. Caution is still warranted in extrapolating these results to extremely LBW infants.
Whole-body cleansing with wet wipes can lead to evaporative heat loss and induce hypothermia; studies have reported a mean reduction in temperature of 0.3 to 0.5 1C after the procedure. 8, 12, 20 As both chlorhexidine and saline wipes would have the same effect on heat loss, we included a third group (no cleansing) in the present study; still, we did not find any significant difference in mean skin temperatures between this group and the other two groups. This could be explained by the fact that most infants were nursed under the radiant warmer in our study, and hence the effect on skin temperature, if any, could have been masked. Also, the temperature was measured after 30 min of intervention, a relatively long period for the temperature to normalize even if it has dropped. Chlorhexidine, when used for the umbilical-cord care, has been shown to reduce colonization rates. 21 Recently, term neonates bathed with chlorhexidine were found to have significantly less Staphylococcus aureus colonization rates up to 24 h after the intervention. 22 The study from Bangladesh that evaluated single skin cleansing with chlorhexidine also showed a significant reduction in the positive culture rates until three days after the intervention. 20 In contrast, the study from Nepal showed reduction in the colonization rates at 2 h but not at 24 h. 8 In this study, skin cleansing with 0.25% chlorhexidine was found to reduce the risk of axillary colonization by almost 60% at 24 h when compared with no cleansing. The incidence of skin colonization at 72 h was, however, not different between the two groups. This finding, we believe, could be because of the small sample size rather than the lack of effect, as (a) the colony count at the axilla was still lower in the chlorhexidine cleansing group and (b) on applying the generalized estimating equation model, only the intervention (chlorhexidine cleansing) and not the time after intervention (24/ 72 h) had any effect on the incidence of colonization (Table 3) . We did not find any reduction in colonization at either 24 or 72 h in the chlorhexidine group when compared with the saline cleansing group (except for the low colony count at 24 h). This finding raises a valid question as to whether skin cleansing with saline also reduces the skin flora, by mechanical removal of the flora as seen occasionally with bathing. 23 The fact that there was no difference in the incidence of skin colonization between the saline and no cleansing groups at either point of time tends to refute this possibility. The other study by Darmstadt et al. 20 where chlorhexidine skin treatment produced more extended skin cleansing effects than the placebo treatment also reinforces this.
As opposed to the axilla, no reduction was found in either skin culture rates or colony count of the groin region at both 24 and 72 h after chlorhexidine skin cleansing. We speculate that the rapid contamination of the groin region with fecal flora could possibly be the reason for this rather unexpected finding. The median colony count was, however, not different between the three groups at any time. Umbilical cord colonization was not evaluated in our study.
Owing to practical difficulties, we did not attempt to characterize/identify the individual organisms (except for Gram staining). This could lead to misleading results, especially with regard to Gram-positive cocci because any reduction observed might be secondary to the reduction in the normal skin flora such as diphtheroids/coagulase negative staphylococci or in pathogens like S. aureus. However, it should be remembered that even 'normal' flora (coagulase negative staphylococci) increases the risk of systemic infections in preterm infants admitted in an intensive care unit. 24, 25 Significantly, we did not find any increase in Gram-negative colonization at either the axilla or the groin after chlorhexidine cleansing; this is important because unlike coagulase negative staphylococci, Gram-negative bacteria are usually considered to be pathogenic. 26 The study has quite a few limitations. First, the desired sample size could not be met. Second, the blood levels of chlorhexidine were not estimated in the study. Previous studies on chlorhexidine bathing in older preterm infants have found low levels in the blood, but this finding has been attributed to the adsorption of chlorhexidine on to the skin that 'contaminates' the sample rather than to percutaneous absorption. 14 The recent study by Mullany et al. 8 did not find any difference in the proportion of positive samples among LBW infants (1 positive among 4) compared with normal weight babies (14 positive among 71); however, given the small numbers, the issue needs further exploration. The study also does not address if the reduction (or the absence of it) in skin colonization would affect the incidence of systemic infections. Though there was no difference in the incidence of sepsis between the three groups, the study was not adequately powered to detect any meaningful difference. Also, whether single cleansing at birth is enough to prevent infections until 2 to 3 weeks of life is not answered.
To conclude, single skin cleansing with 0.25% chlorhexidine does not induce hypothermia or adversely affect the skin condition in hospitalized preterm infants with birth weights of 1001 to 2000 g. It probably reduces the incidence of axillary-skin colonization without an associated increase in the pathogenic Gram-negative organisms. These findings could form the basis for future trials to evaluate the efficacy of chlorhexidine skin cleansing in preventing nosocomial infections in preterm infants admitted in health facilities.
